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1.   Abstract 

Multiple linear regression models were developed for spot forecasts of 1-hour ozone (O3) and 24-hour 
particulate matter with diameter less than 10um (PM10) at 28 sites in the interior British Columbia, Lower Fraser 
Valley and Vancouver Island of British Columbia. The models were trained based on datasets from 2000 to 2004 at 
each site including meteorological variables from Scribe and XScribe matrices from Canadian Meteorological 
Centre, air quality variables (antecedent O3 and PM10) from the Greater Vancouver Regional District air quality 
monitoring network, and seasonal variable (sine function of Julian day). Seventeen models over the next 48 hours 
(0-h, 3-h, 6-h, …, 48-h) for O3 and PM10 at each of the 28 sites were implemented for air quality forecasts (O3 and 
PM10) covering 16 regions in British Columbia. Cross-validation showed that the average bias, MAE, and RMSE 
were -0.018(ppb), 5.590(ppb), and 7.246(ppb) for O3 model, and -0.001(ug/m3), 2.988(ug/m3), and 4.051(ug/m3) for 
PM10 model. The models are currently used operationally in the Pacific and Yukon Region of Environment Canada. 
The official forecast (FLCN40 CWVR) is issued to the public daily by the Pacific Storm Prediction Centre located 
in Vancouver, British Columbia. 
  
2.   Introduction  

The Pacific Weather Centre began forecasting ground level ozone for Greater Vancouver and the Fraser valley 
sites in 1992. The original air quality bulletin was only issued from May through September reflecting the time of 
year when ground level ozone concentrations in British Columbia (BC) can become a concern. In 2003 the forecast 
was expanded to include 24 hr average PM10 concentrations and 2 forecast sites in the BC Interior, Kamloops and 
Kelowna. On March 1, 2004 the air quality program was expanded to run all year long; as well as adding forecasts 
for Nanaimo, Victoria and Prince George. At present two forecasts (FLCN40 CWVR AQI Forecast and FLCN39 
CWLW Smoke Control Forecast) relating to air quality are issued at the Pacific Storm Prediction Centre (PSPC). 
The main forecast is the FLCN40 CWVR issued at 6:00AM daily which is based on our statistical models. This 
bulletin forecasts an AQI value and category for 16 regions including 28 sites in BC. Of those 16 regions, 13 are in 
the Inner South Coast and 3 are located in the BC Interior (Table 1and Figure 1). 
 
Table 1   Regions and sites covered by the models 
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Figure 1   Locations of the regions and sites covered by the models 
 
3.   Data and Method 

Dataset of 2000 to 2004 at each site includes meteorological variables (Table 2) from Scribe and XScribe 
matrices from Canadian Meteorological Centre (CMC), air quality variables (antecedent O3 and PM10) from the 
Greater Vancouver Regional District (GVRD) air quality monitoring network, and seasonal variable (sine function 
of Julian day). Seasonal Development was defined as: 
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� 17 models at each site were trained based on the final dataset using stepwise regression approach 
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Outputs from the models are grouped into "GOOD", "FAIR" and "POOR" air quality categories. Good air 
quality is defined as a maximum ozone reading of 51 ppb or less, fair air quality of 52 to 82 ppb, and poor air quality 
of greater than 82 ppb. These three categories are defined in reference to the Canadian desirable air quality objective 
for ozone of 52 ppb and the Canadian maximum acceptable air quality objective for ozone of 82 ppb 
(http://www.atl.ec.gc.ca/airquality/whatis_index_e.html). Air quality can also be determined according to PM10 
values (Table 3). 

The bias Bias, mean absolute error MAE, and root mean square error RMSE were used to evaluate the 
performance of each of the models. These measures are defined as follows: 
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where N equals to the number of observations, Pi and Oi are the ith predicted value and observation, and 

P and O are the average of the model predictions and observations. 
 
 Table 2   Variables used for training the models 

 
Detailed descriptions of Scribe/XScribe variables can be found at 
http://iweb.cmc.ec.gc.ca/cmdw/wx_element/scribe/Guide_Scribe/Matrice/matriceE.html. 
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Table 3   Air quality index (AQI)  

O3(ppb) PM10(ug/m3) AQI Category 
0-51 0-25 0-25 Good 

52-82 26-50 26-50 Fair 
83-153 51-100 51-100 Poor 
>153 >100 >100 Very Poor 

 
The Bias measure describes the degree to which the model over-predicts or under-predicts the dependent 

variable (hourly maximum ozone concentrations). The MAE is the sum of absolute errors divided by the number of 
observations, where absolute error is the absolute value of the difference between predicted value and observation. 
The closer the MAE is to zero, the more accurate the forecasts are. The RMSE measure describes the average error 
ignoring the sign of each error. As was discussed by Lord (2002), RMSE is sensitive to large errors due to the 
squaring of each error; therefore, a large RMSE indicates the occurrence of large errors. An RMSE equal to zero 
means a perfect prediction. 

 
 
 
4.   Model Implementation and Usage 

 To use the models, four input files (Scribe, XScribe, O3, and PM10) are necessary; these files are updated 
daily.  In particular, the Scribe and XScribe matrices have fixed format and the models retrieve necessary data as 
inputs automatically; while on the other hand, the pollutant files can be modified by forecasters before input into the 
system (Figures 2 and 3). Input variables vary from site to site depending on the trained model at specific location. 

 
Figure 2   O3 hourlies retrieved from the most resent observations from GVRD (PM10 hourlies will be shown in the 

same format each time when the model is run.) 
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Figure 3   Editor window for modifying or changing O3 values (Similar window will be shown for PM10 values 

each time when the model is run.) 
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Figure 4   Output of some of the text forecasts 
 

The models generate 1-hour average O3 forecasts (ppb) and 24-hour average PM10 forecasts (ug/m3) for 
different sites. Site specific AQI forecasts are computed by comparing the O3 and PM10 values at the site. The 
system then extracts the today, tonight, and tomorrow air quality index (AQI) spot forecasts from a give region’s 17 
forecasts over 48 hours (0-h, 3-h, 6-h, …, 48-h), and gives text forecasts for each region (Figure 4).  
 
5.   Results and Conclusions 

AQI cross-validation results based on 2001-2004 data are shown in Figures 5. The statistical models outperform 
AQI persistence and 24-hour lag (from antecedent O3 and PM10). The models were implemented and run in March 
2004. Model performance during the last year is shown in Tables 4 and 5. 

AQI forecasts from the models are reasonably accurate and better than those from persistence, 24-hour lag, and 
CHRONOS -- The Canadian Hemispheric and Regional Ozone and NOx System (forecasts from CHRONOS not 
shown here). 

On average, the bias, MAE, and RMSE for forecasting O3 were -1.034 (ppb), 7.107 (ppb), and 9.303 (ppb), 
respectively. Average bias, MAE, and RMSE for forecasting PM10 were 0.556 (ug/m3), 3.976 (ug/m3), and 5.128 
(ug/m3), respectively.  

Large errors may be found at some sites (O3 at SANNICH STELLYS CR and PM10 at PRG BC RAIL 
WAREHO). The main reason is probably due to the shortage of the data record used for training the models at these 
sites. 

Our future work will involve updating the models using information available from most recent data. 
Environment Canada is planning on implementing a new health based air quality program in 2007 to replace its 
current air quality forecast program based on the maximum concentration of either PM10 or O3. The new air quality 
health index forecast will be based on concentrations of PM2.5, NO2, SO2 and ground level ozone. A pilot project is 
being developed that will be implemented later this year for Kamloops, Vernon and Kelowna in the BC Interior. 
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Figure 5   AQI error comparison between the model, persistence, and 24-hour lag 
 
Table 4   Evaluation on PM10 forecast in 2004 
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Table 5   Evaluation on O3 forecast in 2004 
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